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ABSTRACT
Preliminary Survey of Herbicide Environmental Fate and Transport in California
and the Morro Bay Watershed Environment
Alexandra Carlson

Seagrasses are rapidly declining around the globe as well as in Morro Bay, CA. Between 2007 and 2017, the Morro Bay Estuary experienced a 97% loss of seagrass meadows. The cause of the decline is unknown. A potential cause for the loss of seagrass
meadows is the degradation of seagrass habitat in the bay because of contamination
due to the use of herbicides. Some examples of herbicides used within the watershed
include: Oxyfluorfen, Diuron, Simazine, Napropamide, Oryzalin, Chlorthal-Dimethyl,
Glyphosate and Trifluralin. Theses herbicides are all highly used within the watershed and are on the top 10 list for herbicides applied. A sampling plan for sediment
sampling within Morro Bay Estuary, Chorro Creek, and Los Osos Creek was developed for future researchers to continue with this project. The sampling plan follows
EPA protocols. California Herbicide detection data was used to show the presence of
selected herbicides in California. The sampling plan will be used in future studies to
collect sediment samples for analysis for the presence of herbicides in the bay. This
has never been done before in the bay, hence the need for the work to attempt to
establish a causal link.
Keywords: Herbicide, Seagrass, Eelgrass, Watershed, Contamination
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Chapter 1
INTRODUCTION

1.1

Background Information

Seagrasses are declining around the world (Short et al., 2007). The decline of seagrass
has interconnections between ecosystems, resulting in long lasting impacts on the
environment (Waycott et al., 2009). Seagrass is a keystone species and often referred
to as an ecosystem engineer, found in coastal environments providing an abundance
of known ecosystem services, but their rapid decline has fueled research towards
understanding the cause of these population collapses.
The temperate north pacific region, which includes the coast from Alaska to South
America and Russia to the Philippines, has approximately 1866 km2 of seagrass
coverage, which is about 0.70% of the global seagrass meadow coverage (McKenzie
et al., 2020). One specific location on the pacific coast is Morro Bay, California.
Morro Bay is located in the temperate north pacific region (Short et al., 2007), where
Zostera marina (also referred to as eelgrass) is the dominant species of seagrass found
inside the estuary (NOAA Fisheries). The specific reasons for the decline in seagrass
meadows are unknown (NOAA Fisheries). Possible reasons for the decline could
include changes to its environment such as changes in water temperature, salinity,
sedimentation, introduction of predators, or contamination. Eelgrass populations in
Morro Bay estuary have declined by 97%, from 344 acres in 2007 to 13 acres by 2017
(Figure 1.1) (NOAA Fisheries).
Habitat degradation is a plausible cause for the seagrass’s rapid decline in Morro Bay
Estuary due to the specific growing requirements of seagrass. These requirements
1

include: high amounts of light, low flow velocities, inorganic carbon inputs, low nutrient requirements, temperature between -1o C to 25o C, above and below ground
oxygen supply, salinity ranges of 5% to 45%, and high concentrations of sulphide.
The use of herbicides in the watersheds which drain into Morro Bay Estuary could
be a source of pollution in the estuary. The presence of herbicides in the estuary
is unknown. Certain herbicides have known effects on seagrasses, such as putting
stress on the plant and its photosynthetic process, because of the similar characteristics seagrasses share with the plants which herbicides target (McMahon et al., 2005).
Presence of herbicides in the estuary is plausible because many herbicides sorb to
sediments and organic matter which can be transported through the watersheds by
storm runoff and transported to surface water bodies in both dissolved and particulate
forms. Herbicides have been detected in other estuaries on the California coast such
as the Monterey Bay and the San Francisco Bay (California Department of Pesticide
Regulation). The specific herbicides of interest include: Oxyfluorfen, Diuron, Trifluralin, Glyphosate, Napropamide, Chlorthal-dimethyl, Simazine, and Oryzalin. These
herbicides have not yet been tested for their presence within Morro Bay Estuary.

2

Figure 1.1: Yellow represents eelgrass meadows in Morro Bay Estuary.
Left photo: 2007 eelgrass populations with 344 acres. Right photo: 2017
eelgrass populations with 13 acres (Excerpted from Morro Bay Estuary
Program (2020)) See Figure 2 for geographic location of Morro Bay Estuary in relation to California

1.2

Characteristics of Seagrass

Seagrass is a plant that grows underwater in shallow marine settings. Seagrasses
are monocotyledons which are flowering plants that have one single seed leaf and
have adapted to thrive underwater in saline environments. Intensive rooting and
rhizome systems allow seagrasses, unlike other marine plants, to hold on to the seafloor
while there is movement in the ocean (Short et al., 2007). These underground nonphotosynthetic materials require seagrasses to need high amounts of sunlight to allow
for the plant to grow and survive. Seagrasses can grow to depths up to 10 m depending
on water clarity, Zostera marina is estimated to need about 17.6 ± 5.3% surface
irradiance (sun saturated photosynthesis) per day (Bertelli and Unsworth, 2018). For
comparison surface algae only needs 1% surface iridescence per day (Bertelli and
3

Unsworth, 2018). Areas with shallow waters and sandy or muddy bottoms are the
best suitable environment for seagrass to grow. Shallow waters allow the sunlight
to penetrate through the water and reach the seagrass (Spalding, 2003). Seagrasses
have evolved to live in environments with low amounts of nutrients so they cannot
regulate their uptake (Hughes et al., 2018).

1.3

Ecosystem Services of Seagrass

Seagrass ecosystems are considered one of the most productive ecosystems (Waycott
et al., 2009). Seagrasses are valued in their own ecosystems as well as by humans.
Seagrasses are one of the most important ecosystems in shallow marine settings because of their ability to support numerous species as well as healthy fisheries which
support the economy (Spalding, 2003).
Juvenile fish are valuable to the economy because they help maintain the populations
in fisheries. Juvenile fish need a low stress environment to grow up and develop.
Fish use seagrass meadows as a place to mature before entering the larger fishery.
For example, UK ports benefited economically from a healthy fishery, with 3700
tons of plaice were brought in for a first-sale value of £4.6 million (Bertelli and
Unsworth, 2014). Without seagrass meadows young fish would have no safe place to
fully mature. The economy is also benefited by approximately $1.9 trillion per year in
the form of nutrient cycling (Waycott et al., 2009). $3.8 trillion of ecosystem services
provided by seagrasses have been degraded (Choice et al., 2014). Other ecosystem
services seagrass meadows provide include; protection against coastal erosion due to
their extensive rooting systems, pollution filtering, organic matter accumulation. The
canopy structure of seagrasses meadows provide food and shelter for a variety of fish
and shell fish of which some are endangered species (Waycott et al., 2009). Seagrass

4

ecosystems are known to support 450 algal species, 248 arthropod species, 197 mollusk
species, 171 polychaetae species, 15 echinoderm species, 40 crustacean species, 100
fish species, along with other unknown species (Spalding, 2003). Juvenile fish are
frequently found in seagrass meadows because it is a safe low stress environment
which provides shelter from predators and tidal currents for them to mature.
Seagrasses provide a variety of other services to humans. Nutrient cycling, erosion
control, and carbon sequestration are positive services that seagrasses provide. Seagrass can absorb 6.4 pounds of nutrients per year, which is equivalent to the treated
wastewater from 490 people (UCSB, 2020). Erosion control by seagrasses comes from
their intensive rooting system and the ability to trap and stabilize sediments. Seagrasses dampen wave energy and protect the coast from rain and runoff energy, raising
the seafloor, where the seagrasses are rooted, at rates of 0.04 inch (1 mm) per year
(UCSB, 2020), which helps coastal communities threatened by sea level rise. Climate
control through carbon cycling and sequestration is an important ecosystem service.
For example the Great Barrier Reef Lagoon has an area of seagrass that is 31,000
km2 and stores approximately 27.4 million tonnes in the top 1 m of sediments of
the reef (York et al., 2018). Seagrass have the potential to sequester 7,401 pounds
per square meter of carbon per year (UCSB, 2020). Seagrasses occupy 0.1% of the
seafloor yet are responsible for 11% of the organic carbon buried in the ocean (UCSB,
2020). Seagrasses have also been used in Denmark for centuries for things such as
insulation, roofing for buildings and homes because it is naturally fire, rot, and pest
resistant (Gardiner, 2020).
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1.4

Negative Effects of Herbicides on Seagrass

Herbicides are used to control broad leafy weeds and annual grasses during agricultural productions. The herbicides which are applied to the crops may have negative
effects to the surrounding environment. Herbicides can contaminate estuarine and
coastal environments through a variety of ways such as overspray, ground-water leaching, runoff, or accidental spills (Gao et al., 2011). The similarities between seagrasses
and the weeds targeted by herbicides make seagrasses highly susceptible to the effects of the herbicides when found in their environment, even at low concentrations
(McMahon et al., 2005). Herbicides such as diuron and simazine are known as photosynthesis inhibitors (Lingenfelter, 2020), this class of herbicide reversibly inhibits
photosynthetic electron flow to the plastoquinone in photosystem II (PSII). They do
this by blocking the electron transport chain just after the primary electron acceptor
(Macinnis-Ng and Ralph, 2003). Other classes of herbicides include: cell membrane
disruptors such as oxyfluorfen, seeding growth inhibitors such as napropamide, oryzalin, chlorthal-dimethyl and trifluralin, and amino acid biosynthesis inhibitors such as
glyphosate (Lingenfelter, 2020).
Pollution is one of the greatest threats to coastal ecosystems. An estimated 60%
of the global seagrass population collapse is due to anthropogenic activities. Contaminants can enter these shallow marine settings through sewage disposal, overland
runoff from agriculture, sedimentation with herbicides sorbed to soil grains, and enriched groundwater discharge (Spalding, 2003)(Spalding et al., 2003). Seagrasses are
monospecific meaning they typically grow in meadows made up of one single species
(Waycott et al., 2009) reducing their resilience to perturbations.
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1.5

Herbicides of Concern in Morro May Estuary Watershed

Possible sources of contaminants to Morro Bay’s estuary include herbicides commonly
used in the watersheds (Figure 2.1) such as Oxyfluorfen, Trifluralin, Simazine, Diuron,
Oryzalin, Chlorthal-Dimethyl, Glyphosate, and Napropamide (California Department
of Pesticide Regulation). Grapes for wine production are the crop with the most
significant contributor to the use of these herbicides in San Luis Obispo County (UC
Davis, 2020).

1.5.1

Oxyfluorfen

Oxyfluorfen is an agricultural herbicide which is used to control annual broad-leaf
and grassy weeds. Oxyfluorfen is effective at preventing chlorophyll formation by
inhibiting protoporphyrinogen oxidase in plants (US EPA, 2020). Application can
result in direct release to the environment (US EPA, 2020). Oxyfluorfen is considered
a cell membrane disruptor (Lingenfelter, 2020). Oxyfluorfen’s molecular formula is
C15 H11 CIF3 NO4 . Oxyfluorfen is an orange crystalline solid at room temperature
(NOAA, 2020) and is persistent and immobile in soil (US EPA, 2020). Oxyfluorfen’s
molecular weight is 361.7 g/mol. It has a density of 1.49 g/L and a Koc value of 8900
OC/g soil. The partitioning coefficient onto organic carbon (Koc) value suggests
that Oxyfluorfen is expected to adsorb to sediment solids when released into water
bodies (Pub Chem, 2020). Oxyfluorfen has a octanol-water partitioning coefficient
(log Kow) of 4.73 which suggests that it has a high potential to adsorb to organic
matter (PubChem, 2020). Oxyfluorfen has a henry’s law constant of 8.20 x 10-7 atmcu m/mole which suggests that it is not expected to volatilize from the dissolved phase
(PubChem, 2020). Oxyfluorfen had a biodegradation half-life of 27.5 days in estuarine
water and 17 days in estuarine sediment the length of the half-life is dependent on
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the environment (HSBD, 2018). Oxyfluorfen is an environmental hazard with GHS
classification of very toxic to aquatic life with long lasting effects (European Chemicals
Agency, 2019).
The report limit for oxyfluorfen for analytical testing for soil is 0.04 ppm. More
research should be conducted on the effects of trifluralin on seagrasses.

1.5.2

Trifluralin

Trifluralin is another commonly used agricultural herbicide in San Luis Obispo county
(California Department of Pesticide Regulation, 2020). Trifluralin is used as a preemergence herbicide used to control of annual grasses and broadleaf weeds (HSBD,
2018)) Trifluralin is considered a seedling growth inhibitor (Lingenfelter, 2020). This
substance does enter the environment under normal use but is released to the environment through various waste streams (HSBD, 2018). Trifluralin is a yellow-orange
crystalline solid that is denser than water and not soluble in water (NOAA, 2020).
Trifluralin’s Molecular formula is C13 H16 F3 N3 O4 . It has a density of 1.29 g/L at 77◦ F
and Koc values ranging from 397 to 27,900 OC/g soil (HSBD, 2018). The Koc value
suggests that Trifluralin is expected to adsorb to sediment solids when released into
water bodies (PubChem, 2020). Trifluralin has a log Kow of 5.34 which suggests that
it has a high potential adsorb to organic matter (PubChem, 2020). Trifluralin has a
henry’s law constant of 1.03 x 10-4 atm-cu m/mole which suggests that it is expected
to volatilize off water bodies (PubChem, 2020).The half-life of trifluralin ranges from
22 to 59 days in anaerobic settings and 116 to 202 days in aerobic settings (HSBD,
2018). Due to the fast photodegradation of trifluralin when exposed to high amounts
of sunlight the half-life can drop to 19-74 minutes (HSBD, 2018). Trifluralin has GHS
Classification of being a health hazard, irritant and environmental hazard, and very
toxic to aquatic life with long lasting effects (European Chemicals Agency, 2019).
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The report limit for trifluralin for analytical testing for soil is 0.05 ppm. More research
should be conducted on the effects of trifluralin on seagrasses.

1.5.3

Simazine

Simazine is an agricultural herbicide used to control annual grasses, broad-leaved
weeds (US EPA, 2007), and algae in ponds (Humburg and Colby, 1989). Simazine
use is estimated to be 5 to 7 million pounds annually (US EPA, 2007). Simazine
is considered a photosynthesis inhibitor (Lingenfelter, 2020). Simazine’s molecular
formula is C7 H12 CIN5 . Application can result in direct release to the environment via
runoff. (PubChem, 2020). It has a molecular weight of 201.65 g/mol, a density of 1.3
g/mL, and Koc value of 78 g OC/g soil. The Koc value suggests that Simazine has
a low to moderate potential to adsorb to sediment solids when released into water
bodies (PubChem, 2020). Simazine has a log Kow of 2.18 which suggests that it
also has a low to moderate potential to adsorb to organic matter (PubChem, 2020).
Simazine has a henry’s law constant of 9.40 x 10-4 atm-cu m/mole which suggests that
it is not expected to volatilize off water bodies (PubChem, 2020). The solubility of
Simazine was experimentally determined to be 6.2 mg/L (PubChem, 2020). Simazine
can be applied to bare soils as a granular solid or can be used as a spray (Humburg
and Colby, 1989). Simazine has half-life ranging from 50 to 700 days in pond and
lake water with an average biodegradation half-life of 30 days in ponds, depending
on the level of algae present, as well as weed infestation (WSSA, 1989). Simazine is
also moderately sensitive to natural light.
The report limit for simazine for analytical testing for soil is 0.05 ppm. Research
suggests simazine has toxic effects towards seagrasses. Herbicide concentrations that
inhibited effective quantum yield of Photosystem II in seagrasses by 50% (IC50) and
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10% (IC10) after 24 hours of exposure for simazine were found to be; IC50 = 28µg/L
and IC10 = 3.0µg/L (Wilkinson et al., 2015).

1.5.4

Diuron

Diuron is another commonly used herbicide in San Luis Obispo County (California
Department of Pesticide Regulation). Diuron is used as an herbicide to control grassy
weeds by inhibiting electron transport (HSBD, 2018). Trifluralin is considered a
photosynthesis inhibitor (Lingenfelter, 2020). Diuron can also be found in cow urine
and in boat paints (US EPA, 2020). The primary hazard concerned with the use of
Diuron is the threat to the environment. Diuron’s molecular formula is C9 H10 Cl2 N2 O.
Its molecular weight is 233.09 g/mol. Diuron has a density of 1.48 g/L and Koc
values of 55.3-962 g OC/g soil (HSBD, 2018). The Koc value suggests that Diuron
is expected to adsorb to sediment solids when released into water bodies (PubChem,
2020). Diuron has a log Kow of 2.68 which suggests that it also has a low to moderate
potential to adsorb to organic matter (PubChem, 2020). Diuron has a henry’s law
constant of 5.00 x 10-4 atm-cu m/mole which suggests that it is not expected to
volatilize off water bodies (PubChem, 2020). It is very slightly soluble in water with
a solubility constant of 1.80e-04. Diuron is a white crystalline solid which is a wettable
powder (US EPA, 2020). Diuron is designated as a hazardous substance under section
311.b.2.A of the Federal Water Pollution Control Act. It is also further regulated by
the Clean Water Act (US EPA, 2020). Diuron is expected to have moderate to low
mobility in soil and if it is released into the environment in water it is expected to
adsorb to the suspended solids and sediment (HSBD, 2018). When applied to soil
it has a half-life ranging from 90 to 330 days and will not leach below 5 to 10 cm
from the surface of the soil (HSBD, 2018). The half-life of Diuron is defendant on
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photolysis by sunlight and degrades faster when exposed to direct light. Diuron is the
most hazardous of the herbicides examined and has the longest environmental fate.
The report limit for diuron for analytical testing for soil is 0.05 ppm. Research
suggests diuron has toxic effects towards seagrasses. Herbicide concentrations that
inhibited effective quantum yield of Photosystem II in seagrasses by 50% (IC50) and
10% (IC10) after 24 hours of exposure for diuron were found to be; IC50 = 4.3µg/L
IC50 for Zostera marina= 3.2µg/L IC10 = 1.2µg/L ((Wilkinson et al., 2015) and
(Chesworth et al., 2004)).

1.5.5

Oryzalin

Oryzalin is an agricultural herbicide used as a pre-emergence herbicide to control
weeds (HSBD, 2018) and its use is estimated to be 2 million pounds annually (PubChem, 2020). Oryzalin is considered a seedling growth inhibitor (Lingenfelter, 2020).
Oryzalin’s molecular formula is C12 H18 N4 O6 S. Application can result in direct release
to the environment via runoff and adsorption. It has a molecular weight of 346.36
g/mol, a density of 1.4 g/mL, and Koc range of 93 to 2700 g OC/g soil with an
average Koc value of 600 g OC/g soil (PubChem, 2020). This Koc value suggests
that Oryzalin is expected to adsorb to suspended solids and sediment. The solubility of Oryzalin was experimentally determined to be 2.5 mg/L (PubChem, 2020).
Oryzalin can be commonly applied as a foliar spray (PubChem, 2020). Oryzalin has
an average biodegradation half-life of 1.4 hours in sunlit shallow waters, 10 days in
anaerobic soil, and between 42 and 132 days in aerobic soil. These half-life’s suggest
that the precesence of Oryzalin is heavily dependent on the presence of water and
light. Oryzalin most likely thrives in low-light water environments. Oryzalin has a
log Kow value of 3.73, which means it has a moderate potential to adsorb to organic
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matter. Oryzalin has a Henry’s Law constant of 1.90 x 10-9 atm-cu m/mole, which
suggests that volatilization in moist soil surfaces is not expected.
The report limit for oryzalin for analytical testing for soil is 0.01-0.05 ppm. More
research should be conducted on the effects of oryzalin on seagrasses.

1.5.6

Chlorthal-Dimethyl

Chlorthal-dimethyl is an agricultural herbicide used to control annual seed-bearing
parasitic vine (PubChem, 2020) and its use is estimated to be 1 million pounds annually (US EPA, 2007). Chlorthal-dimethyl is considered a seedling growth inhibitor
(Lingenfelter, 2020). Chlorthal-dimethyl molecular formula is C10 H6 Cl4 O4 . Application can result in direct release to the environment via runoff as well as spray
drift. (PubChem, 2020). It has a molecular weight of 332 g/mol, a density of 1.56
g/mL, and Koc value of 5900 g OC/g soil (IUPAC, 2020). The Koc value suggests
that there is minimal movement in soil and it is expected to adsorb to suspended
solids and sediment. Chlorthal-dimethyl has a log Kow value of 4.40, which suggests
that there is considerable potential for the herbicide to adsorb to organic matter.
The solubility of Chlorthal-dimethyl was experimentally determined to be 0.5 mg/L
(PubChem, 2020). Chlorthal-dimethyl can be applied as a foliar spray (PubChem,
2020). Chlorthal-dimethyl has an average biodegradation half-life of 14 to 100 days
depending on the level of moisture present (PubChem, 2020). Chlorthal-dimethyl’s
half life decreases with an increase in soil moisture content and decreases in sunlit
waters. Chlorthal-dimethyl’s Henry’s Law constant is 2.18 x 10-6 atm-cu m/mole,
and suggests that there will be loss from moist soil surfaces. The report limit for
chlorthal-dimethyl for analytical testing for soil is 0.04 ppm. More research should
be conducted on the effects of chlorthal-dimethyl on seagrasses.
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1.5.7

Glyphosate

Glyphosate is an agricultural herbicide used to control annual broad-leaf weeds and
grasses that compete with crops and its use is estimated to be 18.7 million pounds
annually (US EPA, 2007). It is commonly used in Roundup. Glyphosate is considered
a Amino acid biosynthesis inhibitor (Lingenfelter, 2020). Glyphosate’s molecular
formula is C3 H8 NO5 P or HOOCCH2NHCH2PO(OH)2. Application can result in
direct release to the environment via runoff as well as spray drift. (PubChem, 2020).
It has a molecular weight of 169.07 g/mol, a density of 1.7 g/mL, and Koc value of
2600-4900 g OC/g soil (PubChem, 2020). This Koc value suggests slight mobility in
soil and is expected to adsorb to suspended solids and sediments when released into
water. Glyphosate’s log Kow value is -3.04, which suggests low potential to adsorb to
organic matter. The solubility of Glyphosate was experimentally determined to be 510 mg/mL (PubChem, 2020). Glyphosate can be applied as a foliar spray (PubChem,
2020). Glyphosate has an average biodegradation half-life of 1.85 day in aerobic soil
and 127 days in agricultural fields. Depending on the conditions of the soil and
whether the soil is aerobic or anaerobic, the half-life seems to degrade faster under
aerobic conditions than that of anaerobic conditions. Glyphosate has a Henry’s Law
Constant of 5.82 x 10-11 atm-cu m/mole, which suggests that volatilization from
moist soil is not to be expected.
The report limit for glyphosate for analytical testing for soil is 0.05 ppm. Research
suggests glyphosate has toxic effects towards seagrasses. Herbicide concentrations
that PSII efficiency differed significantly from the control in seagrasses were found to
be; 0.225 to 1.8 gL−1 (Paul Kittle and McDermid, 2016)
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1.5.8

Napropamide

Napropamide is an agricultural amide herbicide used to control annual broad-leaf
weeds (IUPAC, 2020) and grasses. Napropamide can be applied as a solid compound
that is absorbed by the roots and inhibits growth (PubChem, 2020). Napropamide
is considered a seedling growth inhibitor (Penn State, 2020). Application can result
in direct release to the environment via runoff and is most commonly a colorless
crystal solid. (IUPAC, 2020). Napropamide molecular formula is C17 H21 NO2 . It has
a molecular weight of 271.36 g/mol, a density of 1.18 g/mL, and Koc range of 218
to 700 g OC/g soil (IUPAC, 2020). This Koc range suggests that Napropamide is
expected to adsorb to suspended soils and sediment. Napropamide has a log Kow
value of 3.36, which suggests that there is moderate potential to adsorb to organic
matter. The solubility of Napropamide was experimentally determined to be 74.0
mg/L (IUPAC, 2020). Napropamide has an average biodegradation half-life of 34-730
days depending on the level of moisture present (PubChem, 2020). Napropamide’s
half-life decreases with an increase in soil moisture. Napropamide has a Henry’s Law
Constant of 8.41 x 10-10 atm-cu m/mole, which suggests that volatilization from
moist soil surfaces and surface waters is not expected.
The report limit for napropamide for analytical testing for soil is 0.01-0.1 ppm. More
research should be conducted on the effects of napropamide on seagrasses.

1.6

Overall Goal and Objectives

The overall goal of the project is to provide preliminary information and planning for
the study herbicide influences on eelgrass in the Morro Bay Estuary. The objectives of
the study are: 1. Create a sampling plan for field work at Morro Bay Estuary in order
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to determine the concentration of commonly used herbicides (Oxyfluorfen, Diuron,
Trifluralin, Glyphosate, Napropamide, Chlorthal-dimethyl, Simazine, and Oryzalin)
2. Determine the detection and concentration of these herbicides from preexisting
sediment and water sample data in California from 1950 to 2019.
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Chapter 2
METHODS

2.1

2.1.1

The Study Area

Morro Bay Estuary

Morro Bay Estuary is a shallow estuarine environment located on the central coast of
California in San Luis Obispo County (Figure 2.1). It lies north of Point Conception
and south of Ragged Point. The estuary is considered to be a small estuary composed
of 2300 acres blocked from the direct association with the Pacific Ocean by a long
sandspit. The bay accumulates drainage from approximately 75 square miles (Morro
Bay Estuary Program, 2020). The two main creeks that feed into Morro Bay Estuary
are Chorro and Los Osos Creeks (Figure 2.1). The creeks are intermittent creeks,
meaning they do not flow year-round. The creeks flow during the wet season, which
is approximately December through March (Walter et al., 2018). The fresh water
from the creeks meet the saltwater from the ocean in the Estuary creating a unique
environment for species such as seagrasses to live. The Morro Bay Estuary is a
low inflow estuary because the streams which drain into it are intermittent. This is
common in Mediterranean climates (Walter et al., 2018). The lack of creek inflow
during the dry seasons can create a highly saline environment within the estuary,
which is more comparable to the salinity of the ocean, which can result in longer
residence times for contaminants (Walter et al., 2018).
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Figure 2.1: Morro Bay Estuary watershed. Location of Morro Bay Estuary
is shown in relation to California in the top left corner. Drainages shown
in solid blue lines. Watershed boundary shown in red line. Agricultural
land use in the watershed is shown in green.
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2.1.2

Chorro Creek

Chorro Creek drains into the Morro Bay Estuary and transports contaminants from
agricultural fields within its watershed. Chorro Creek accounts for the largest inflow
of freshwater into the bay (California Regional Water Quality Control Board, Central
Coast Region , 2007). The outlet of Chorro Creek into Morro Bay Estuary is located
on the northern end of the bay. The Chorro Creek watershed drains approximately
28,300 acres. The land use in the watershed is made up of cattle grazing, hay production, small vegetable farms and vineyards. Some of the known contaminants from
Chorro Creek watershed include fecal coliform, and nutrients (California Regional
Water Quality Control Board, Central Coast Region , 2007). The Chorro Creek watershed land is also used for Camp San Luis Obispo, San Luis Obispo Men’s Colony,
a golf course, schools, and rural residences (Center for Ecosystem Management and
Restoration, 2014).

2.1.3

Los Osos Creek

Los Osos Creek drains into Morro Bay Estuary and transports contaminants from
agricultural fields within its watershed. The outlet of Los Osos Creek is located on
the southern end of the bay. Los Osos Creek drains approximately 16,933 acres. The
land in the Los Osos Creek watershed can contribute contaminants which include
septic systems, fertilizers, urban runoff, and animal waste. A major use of land in
the watershed is agriculture, and cattle grazing. The Los Osos Creek watershed
was categorized as a Critical Coastal Area (CCA) in 2002 because it classified as
an impaired waterbody on the 2002 Clean Water Act 303(d) list (California Coastal
Commission, 2019).
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2.2

Criteria for Herbicide Prioritization

The funding provided by Morro Bay National Estuary Program and the Natural
Resources Department at Cal Poly San Luis Obispo will support about 24 samples
and analysis of 8 herbicides. Samples within Morro Bay Estuary, which is a marine
protected environment, require a Scientific Collections Permit (SCP Permit) from the
California Fish and Wildlife department. The outlets of Chorro and Los Osos Creeks
fall within the Morro Bay State Park. A California State Parks permit is required
for sampling in the lower sections of both the Chorro and Los Osos Creeks.
Sediment samples should be taken within the bay to show the marine effects of the
herbicides. It is proposed that 4 sample locations within the bay, and 2 sample
locations within the creeks. One sediment sample should be taken at both Chorro
and Los Osos creeks. The creek samples should be taken above the tidal influence
zone, to show what is happening in the Chorro and Los Osos watersheds. The main
path of transport of contaminants into the bay is through Chorro and Los Osos Creek.
Morro Bay National Estuary Program provided funding for the laboratory analysis
under the conditions that priority will be given to the herbicides that are known to
have negative effects on seagrasses in the literature. Simazine, Diuron, and Glyphosate
are all known to have negative effects of seagrass in the literature. Additional herbicides can be analyzed at the same cost, so sediment samples will be analyzed for all
8 herbicides of concern.
Morro Bay National Estuary Program directed us to the California Environmental Data Exchange Network for data that show the presence of Simazine, Diuron,
Chlorthal-Dimethyl (Dacthal), and Glyphosate in the Morro Bay Estuary watershed
(CEDEN,2020). The data represents mainly water samples. Given that the herbi-
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cides of interest sorb to solid particles, sampling the sediments will be a beneficial
process because there was a higher chance of detecting these herbicides.

2.3

Analysis of Herbicide Detection Data in the Environment on the
California Coast

Surface water data from environmental monitoring studies of various sources were
accessed from the California Department of Pesticide Regulation through the Surface
Water Protection Program (California Department of Pesticide Regulation). The
data were used to analyze the presence of the eight herbicides (Oxyfluorfen, Diuron,
Trifluralin, Glyphosate, Napropamide, Chlorthal-dimethyl, Simazine, and Oryzalin)
in the surface waters and sediment within the surface waters of California. Sediment
sample and water sample data were compiled for years 1950 through 2017. The data
were sorted in Microsoft Excel in order to filter out herbicides outside the scope of
the project as well as negative results (no detection). Data from excel were used in
Tableau to generate graphs for data visualization as well as imported into ESRI Arc
Map 10.7.1 to create distribution map of samples.
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Chapter 3
RESULTS

3.1

Morro Bay Estuary Herbicide Sampling Procedure

3.1.1

Permit Guidance

In order to proceed with the field sampling the appropriate permits must be acquired. Sampling within the Morro Bay Estuary requires two permits: 1. A Scientific
Research and Collecting Permit from the California Department of Parks and Recreation (Appendix A.1.1) in order to sample within the boundaries of Morro Bay State
Park which includes the bay as well as the creeks. 2. A Scientific Collections Permit
(SCP Permit) (Appendix A.1.2) from the California Department of Fish and Wildlife
in order to sample in the bay which is a marine protected environment. The State
Parks permit could take up to 60 days to obtain (California Department of Parks and
Recreation, 2020), but may be faster using the direct Morro Bay State Parks contact
Mike Walgren. The SCP permit could take a total of 130 days to obtain. The department will take up to 40 days after the payment is received to deem the application
complete. If the application is incomplete it will be sent back to be reworked within
a 30 day time period. Once the application is deemed complete the application will
be approved or denied within 60 days (California Department of Fish and Wildlife,
2020).
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3.1.2

Sample Location and Timing

The sampling locations were selected in collaboration with Morro Bay National Estuary Program in order to best fit their needs. Sediment samples will be taken at selected
points, with associated coordinates in ESRI ArcMap 10.7.1, throughout Morro Bay
Estuary, Chorro Creek and Los Osos Creek (Figure 3.1). Coordinates (Table 3.1)
should be accessed using a handheld GPS or for accuracy. Sampling would be best
if conducted after a rain event to have the highest chance of contaminants entering
the Estuary through the creeks from storm runoff. Sampling should be conducted in
the late winter on early spring for highest chance of detecting herbicides. After the
first round of sampling if positive results are found than sampling should be done at
other times throughout the year in order to test for persistence in the environment.
Table 3.1: GPS coordinates of sampling
GPS Coordinates
Sample Number Latitude
P1
35.35491562
P2
35.33104706
P3
35.33655167
P4
35.34922791
P5
35.34549713
P6
35.34240723

3.1.3

locations for future use.
Longitude
-120.8277054
-120.8137589
-120.8381424
-120.8439407
-120.8441391
-120.8420105

Sampling Protocol

Sediment samples will be taken by hand in shallow waters using a stainless-steel scoop
and with a Young Grab sediment sampler lowered from a boat in the deeper waters
(US EPA, 2010). Samples will be taken to a depth of 10 cm down the sediment profile.
Creek Samples will be taken above the tidal influence in the middle of the channel. A
total of 24 sediment samples will be collected at 6 locations, 4 samples will be taken
at each location. A sample from each location will be used to analyze glyphosate and
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the three remaining samples from each location will be used to analyze the remaining
herbicides using the corresponding EPA method. Sediment samples will be placed
into 1 L amber glass bottles, or a 1 L Nalgene bottle for samples intended for the
analysis of glyphosate. The samples will be placed in cooler with ice in the field
and brought back to a Cal Poly laboratory and refrigerated within a few hours after
sampling. Detailed notes will be documented about characteristics of sediments (such
as the texture, color, and moisture content), description of the sampling location, and
any procedural adjustments. See Appendix A.2 for detailed EPA protocols for field
sampling.

3.1.4

Lab Handling and Analysis

Samples will be either driven to or shipped to Environmental Micro Analysis Laboratories (EMA Inc.) (located in Woodland, CA) or Primus Labs (located in Santa
Maria, CA) (Sinnott, 2020), while remaining at a temperature around 4 degrees Celsius during transport by using either blue ice or wet ice in a cooler (do not use
any chemical preservation methods) and analyzed within 14 days of collection to
ensure validity of results. Turn around time at EMA laboratories is seven to ten
days unless the method standard says otherwise. The sediment samples will then
be prepped for extraction and analyzed at EMA Inc. in accordance with established
EPA methods. EPA methods to be used for analysis of the 8 constituents are: EPA
method 632 for oryzalin and diuron; EPA method 8081 for oxyfluorfen, trifluralin,
chlorthal-dimethyl; EPA method 8141 for simazine and napropamide; and an EMA
Inc. proprietary method for glyphosate (Table 3.2). Sample submission forms must
be completed for every sample submitted for the lab (Appendix A.3.1). A Chain of
custody form must be filled out by the field samplers and kept with the samples at
all times until relinquished to the laboratory (Appendix A.3.2).
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Sampling Locations
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OpenStreetMap contributors, and the GIS User Community

Figure 3.1: Sampling locations located within Morro Bay Estuary Watershed. Samples are labeled P1 through P6. Sampling points P1 and P2
are located in the creeks that drain into the estuary. Sampling points P3
through P6 are located in the estuary.
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Table 3.2: Sediment samples will be sent to Environmental Micro Analysis
Laboratories for analysis. The methods to be used include EPA methods
8081, 8141, 632, and EMA proprietary method used for glyphosate. Descriptions of the methods are included in the table.
Lab Analysis Methods
Laboratory
Description
Method
EPA
Method Method 8081 utilizes various extracts de8081
pending on whether the matrix is solid or
liquid, and utilizes fused-silica, open-tubular,
and capillary columns with electron capture
detectors to determine the concentration of
organochlorine pesticides (US EPA, 1996)
EPA Method 8081 was used by EMA Laboratories to analyze the sediment samples
for Oxyfluorfen, Trifluralin, and Chlorthaldimethyl.
EPA
Method Method 8141 utilizes gas chromatography
8141
to determine part-per-billion concentrations
of organophosphorus compounds (US EPA,
2007). EPA Method 8141 was used by EMA
Laboratories to analyze the sediment samples for Napropamide and Simazine.
EPA
Method EPA method 632 utilizes high performance
632
liquid chromatographic methods to analyze
for specific carbonate or urea pesticides (US
EPA, 1993). EPA Method 632 was used by
EMA Laboratories to analyze the sediment
samples for Oryzalin and Diuron.
EMA
The EMA Glyphosate Method has a certifiGlyphosate
cate of accreditation from the ANSI National
Method
Accreditation Board and was used by EMA
laboratories to analyze the sediment samples
for Glyphosate.

3.2

California Herbicide Detection from 1950-2019

The California Department of Pesticide Regulation has a Surface Water Protection
Program. The program’s goal is to keep surface waters clean for to prevent ad-
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verse effects on humans. The data set contains over 777,000 results of water samples
and over 136,000 results of sediment samples. This data file was filtered down to
show only herbicides of interest for this study. The filters resulted in 5,067 sediment
samples and 50,674 water samples. The samples were distributed throughout California (Figure 3.2). Only samples that had detection of herbicides are shown on the
map. The eight herbicides of interest (Oxyfluorfen, Diuron, Trifluralin, Glyphosate,
Napropamide, Chlorthal-dimethyl, Simazine, and Oryzalin) were seen throughout
California (Figure 3.3) with Chlorthal-Dimethyl being most prevalent on the coast
in sediment samples and Diuron being most prevalent inland in water samples (Appendix A.4). Glyphosate was found to have the highest average concentration of the
water samples and Oxyfluorfen was found to have the highest concentration of the
sediment samples. The average concentrations found varied based on whether it was
a soil or water sample (Table 3.3). Overall the highest peak in detections occurred in
October for sediment samples (Figure 3.4) and February for water samples (Figure
3.5).
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Figure 3.2: Distribution of locations where herbicides of interest (Oxyfluorfen, Diuron, Trifluralin, Glyphosate, Napropamide, Chlorthal-dimethyl,
Simazine, and Oryzalin) were detected in California from 1950 – 2019.
Blue point represent water samples and yellow points represent soil samples.
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Figure 3.3: Distribution of detection of Chlorthal-dimethyl (yellow), Diuron (pink), Glyphosate (orange), Napropamide (green), Oryzalin (blue),
Oxyfluorfen (red), Simazine (grey), and Trifluralin (purple) in California
from 1950 to 2019.
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Table 3.3: Summary Statistics of herbicides of interest including the average concentration in parts per billion (ppb) found, the maximum concentration found, and the standard deviation. Table A shows water sample
statistics. Table B shows sediment sample statistics.
A
Chemical Name
Average
Con- Max Concentra- Std. Dev. of
centration (ppb) tion (ppb)
Concentration
(ppb)
Glyphosate
5.308
1800
42.958
Diuron
0.692
860
10.784
Simazine
0.173
290
3.494
Oxyfluorfen
0.0248
9.23
0.225
Chlorthal0.0145
10
0.188
dimethyl
Oryzalin
0.007
1.51
0.055
Trifluralin
0.0061
3.3
0.067
Napropamide
0.0024
0.64
0.024
B
Glyphosate
N/A
N/A
N/A
Diuron
N/A
N/A
N/A
Simazine
0.04
24.3
0.988
Oxyfluorfen
2.233
302
15.252
Chlorthal1.25
390.2
13.646
dimethyl
Oryzalin
N/A
N/A
N/A
Trifluralin
0.009
2.5
0.113
Napropamide
0.444
99.8
5.427
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Figure 3.4: Number of detections of herbicides of interest found in sediment samples per month January (1) through December (12).
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Figure 3.5: Number of detections of herbicides of interest found in water
samples per month January (1) through December (12).

3.2.1

Oxyfluorfen

Oxyfluorfen was detected in California in both sediment and water samples which is
shown in red in Figure 3.3. A total of 705 sediment samples were tested for Oxyfluorfen with 9.8 percent of samples showing concentrations greater than zero (Figure
3.6). A total of 3,734 water samples were tested for Oxyfluorfen with 11.0 percent
of samples showing concentrations greater than zero (Figure 3.7). The average concentration found in the sediment samples was 2.233 ppb. The average concentration
found in the water samples was 0.025 ppb. The year with the highest detection for
both water and sediment was 2008. The highest concentrations of Oxyfluorfen were
found in sediments (Table 3.3). Throughout the years the region where Oxyfluorfen
had the highest number of positive detections in sediment and water samples is on the
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coast between Monterey County and Santa Cruz County (Figure 3.8). Oxyfluorfen
was detected most frequently in sediments in February, October, and May (Appendix
A.4.2) and most frequently in water in February (Appendix A.4.3).
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Figure 3.6: Total number of sediment samples taken of Oxyfluorfen per
year. No detection of the herbicide is shown in blue. Positive detection of
the herbicide is shown in orange.
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Figure 3.7: Total number of water samples taken of Oxyfluorfen per year.
No detection of the herbicide is shown in blue. Positive detection of the
herbicide is shown in orange.

34

A

B
Oxyfluorfen Density in CA (SEDIMENT)

Oxyfluorfen Density in CA (WATER)

© 2020 Mapbox © OpenStreetMap

Figure 3.8: Density of Oxyfluorfen detection in water (A) and sediment
(B) samples in California. The darker the blue the higher number of the
herbicide detections.
© 2020 Mapbox © OpenStreetMap

3.2.2

Trifluralin

Trifluralin was detected in California in both sediment and water samples which is
shown in purple in Figure 3.3. A total of 553 sediment samples were tested for Trifluralin with 3.4 percent of samples showing concentrations greater than zero (Figure
3.9). A total of 5,925 water samples were tested for Trifluralin with 6.9 percent of
samples showing concentrations greater than zero (Figure 3.10). The average concentration found in the sediment samples was 0.009 ppb. The average concentration
found in the water samples was 0.006 ppb. The year with the highest detection for
sediment was 2007. The year with the highest detection for water was 2001. The
highest concentrations of Trifluralin were found in sediments (Table 3.3). Throughout
the years the region where Trifluralin had the highest number of positive detections
35

in sediment is Imperial County (Figure 3.11). The region where it had the highest
number of detection in water samples in in the Central Valley in Merced and Stanislaus County (Figure 3.11). Trifluralin was detected most frequently in sediments in
March and October (Appendix A.4.2) and most frequently in water in March and
February (Appendix A.4.3).
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Figure 3.9: Total number of sediment samples taken of Trifluralin per year.
No detection of the herbicide is shown in blue. Positive detection of the
herbicide is shown in orange.
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Figure 3.10: Total number of water samples taken of Trifluralin per year.
No detection of the herbicide is shown in blue. Positive detection of the
herbicide is shown in orange.

38

A

B
Trifluralin Density in CA (SEDIMENT)

Trifluralin Density in CA (WATER)

© 2020 Mapbox © OpenStreetMap

Figure 3.11: Density of Trifluralin detection in water (A) and sediment
(B) samples in California. The darker the blue the higher number of the
herbicide detections.
© 2020 Mapbox © OpenStreetMap

3.2.3

Simazine

Simazine was detected in California in both sediment and water samples which is
shown in grey in Figure 3.3. A total of 605 sediment samples were tested for Simazine
with 0.3 percent of samples showing concentrations greater than zero (Figure 3.12).
A total of 12,764 water samples were tested for Simazine with 16.7 percent of samples
showing concentrations greater than zero (Figure 3.13). The average concentration
found in the sediment samples was 0.040 ppb. The average concentration found in
the water samples was 0.173 ppb. The year with the highest detection for sediment
was in 2016 and 2017. The year with the highest detection for water was 1992. The
highest concentrations of Simazine were found in sediments (Table 3.3). Throughout
the years the region where Simazine had two positive detections in sediment one
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in Alameda County and one in San Joaquin County (Figure 3.14). Simazine was
detected in water all over California, but the region where it had the highest number
of detections in water samples in in the Central Valley (Figure 3.14). Simazine was
detected most frequently in water in January and February (Appendix A.4.3).
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Figure 3.12: Total number of sediment samples taken of Simazine per year.
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Figure 3.13: Total number of water samples taken of Simazine per year.
No detection of the herbicide is shown in blue. Positive detection of the
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Figure 3.14: Density of Simazine detection in water (A) and sediment
(B) samples in California. The darker the blue the higher number of the
herbicide detections.
© 2020 Mapbox © OpenStreetMap

3.2.4

Diuron

Diuron as detected in California in water samples which is shown in pink in Figure
3.3. No sediment samples were taken for Diuron. A total of 9,619 water samples were
tested for Diuron with 27.1 percent of samples showing concentrations greater than
zero (Figure 3.15). The average concentration found in the water samples was 0.692
ppb (Table 3.3). The year with the highest detection for water was 2016. Throughout
the years Diuron was detected in water all over California, but the region where it had
the highest number of detections in water samples in in the Central Valley, specifically
in San Joaquin County (Figure 3.16). Diuron was detected most frequently in water
in January and February (Appendix A.4.3).
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Figure 3.15: Total number of water samples taken of Diuron per year.
No detection of the herbicide is shown in blue. Positive detection of the
herbicide is shown in orange.
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Figure 3.16: Density of Diuron detection in water samples in California.
The darker the blue the higher number of the herbicide detections.
© 2020 Mapbox © OpenStreetMap

3.2.5

Oryzalin

Oryzalin was detected in California in water samples which is shown in blue in Figure
3.3. No sediment samples were taken for Oryzalin. A total of 2,358 water samples were
tested for Oryzalin with 5.3 percent of samples showing concentrations greater than
zero (Figure 3.17). The average concentration found in the water samples was 0.007
ppb (Table 3.3). The year with the highest detection for water was 2016. Throughout
the years the region where Oryzalin had the highest number of detections in water
samples in Riverside and San Joaquin Counties (Figure 3.18). Oryzalin was detected
most frequently in water in January and February (Appendix A.4.3).
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Figure 3.17: Total number of water samples taken of Oryzalin per year.
No detection of the herbicide is shown in blue. Positive detection of the
herbicide is shown in orange.
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Figure 3.18: Density of Oryzalin detection water samples in California.
The darker the blue the higher number of the herbicide detections.
© 2020 Mapbox © OpenStreetMap

3.2.6

Chlorthal-Dimethyl

Chlorthal-Dimethyl was detected in California in both sediment and water samples
which is shown in yellow in Figure 3.3. A total of 2,496 sediment samples were tested
for Chlorthal-Dimethyl with 8.2 percent of samples showing concentrations greater
than zero (Figure 3.19). A total of 7,951 water samples were tested for ChlorthalDimethyl with 23.9 percent of samples showing concentrations greater than zero (Figure 3.20). The average concentration found in the sediment samples was 1.250 ppb.
The average concentration found in the water samples was 0.014 ppb. The year with
the highest detection for sediment was in 2008. The year with the highest detection
for water was 1996. The highest concentrations of Chlorthal-Dimethyl were found
in sediments (Table 3.3). Chlorthal-Dimethy was detected in 32 sediment samples
and 164 water samples within estuary sites. Throughout the years the region where
Chlorthal-Dimethyl had the highest number of detections in sediment was in Imperial
and Monterey Counties (Figure 3.21). The region where it had the highest number of
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detections in water samples is in estuaries as well as Alameda, Contra Costa, Imperial
and San Mateo Counties (Figure 3.21). Chlorthal-Dimethyl was detected most frequently in sediment in October (Appendix A.4.2). Chlorthal-Dimethyl was detected
most frequently in water in February and August (Appendix A.4.3).
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Figure 3.19: Total number of sediment samples taken of ChlorthalDimethyl per year. No detection of the herbicide is shown in blue. Positive
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Figure 3.20: Total number of water samples taken of Chlorthal-Dimethyl
per year. No detection of the herbicide is shown in blue. Positive detection
of the herbicide is shown in orange.
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Figure 3.21: Density of Chlorthal-dimethyl detection in water (A) and
sediment (B) samples in California. The darker the blue the higher number
of the herbicide detections.

3.2.7

Glyphosate

Glyphosate was detected in California in water samples which is shown in orange in
Figure 3.3. A total of 4,093 water samples were tested for Glyphosate with 16.6 percent of samples showing concentrations greater than zero (Figure 3.22). The average
concentration found in the water samples was 5.308 ppb (Table 3.3). The year with
the highest detection for water was 2014. Throughout the years the region where
Glyphosate had the highest number of detections in water samples in San Joaquin
County (Figure 3.23). Glyphosate was detected most frequently in water in April but
also had high detection rates December through September (Appendix A.4.3).
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Figure 3.22: Total number of water samples taken of Glyphosate per year.
No detection of the herbicide is shown in blue. Positive detection of the
herbicide is shown in orange.
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Figure 3.23: Density of Glyphosate detection water samples in California.
The darker the blue the higher number of the herbicide detections.
© 2020 Mapbox © OpenStreetMap

3.2.8

Napropamide

Napropamide was detected in California in both sediment and water samples which
is shown in green in Figure 3.3. A total of 707 sediment samples were tested for
Napropamide with 1.4 percent of samples showing concentrations greater than zero
(Figure 3.24). A total of 4,229 water samples were tested for Napropamide with
3.2 percent of samples showing concentrations greater than zero (Figure 3.25). The
average concentration found in the sediment samples was 0.444 ppb. The average
concentration found in the water samples was 0.002 ppb. The year with the highest
detection for sediment was in 2008. The year with the highest detection for water
was 1994. The highest concentrations of Napropamide were found in sediments (Table
3.3). Throughout the years the region where Napropamide had the highest number
of detections in sediment was in Santa Barbara County (Figure 3.26). The region
where it had the highest number of detections in water samples is in Stanislaus and
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Santa Barbara Counties (Figure 3.26). Napropamide was detected most frequently
in water in February (Appendix A.4.3).
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Figure 3.24: Total number of sediment samples taken of Napropamide per
year. No detection of the herbicide is shown in blue. Positive detection of
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Figure 3.25: Total number of water samples taken of Napropamide per
year. No detection of the herbicide is shown in blue. Positive detection of
the herbicide is shown in orange.
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Figure 3.26: Density of napropamide detection in water (A) and sediment
(B) samples in California. The darker the blue the higher number of the
herbicide detections.
© 2020 Mapbox © OpenStreetMap
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Chapter 4
DISCUSSION

The goal of the project was to provide preliminary information and planning for
the study of herbicide influences on eelgrass in the Morro Bay Estuary. A sampling
design was created for field work at Morro Bay Estuary in order to determine the
concentration of eight commonly used herbicides (Oxyfluorfen, Diuron, Trifluralin,
Glyphosate, Napropamide, Chlorthal-dimethyl, Simazine, and Oryzalin). The sampling design can be used by future students to aide them in furthering this project.
Preexisting sediment and water sample data shows detection and concentrations of
these herbicides in California from 1950 to 2019.

4.1

Sampling Design

The sampling design was generated and modified with the help of Morro Bay National Estuary Program to best fit the needs of the program. The sampling design
follows the requirements of EMA Laboratories for their needs when analyzing the
samples. EPA Operating procedure for sampling is being conducted in the field as
well. Due to time constraints, our current research team will be relinquishing the
sampling plan to the next research team to pick up the project. The sampling design is made to be a guideline for whomever will conduct the field sampling. Field
sampling will be conducted using EPA approved protocol, as well as EPA approved
laboratory analytical methods. EPA methods will be followed to ensure that samples
are being properly handled and have the lowest chance of contamination. Following
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EPA standards also increases the ease of repeatability in the case the project becomes
a long-term monitoring project.

4.2

California Detection from 1950 to 2019

The majority of the water samples were taken in the Central Valley and the San Francisco Bay area. The majority of the sediment samples were taken in the Monterey
Bay area (Figure 3.2). Sampling is highest in these areas because the Central Valley is
California’s largest agricultural area producing a quarter of the nation’s food (USGS
California Water Science Center, 2020). The large amounts of agriculture in this area
rely on the use of herbicides to keep pesty weeds from ruining their crops. The sediment sample data had the highest distribution along river outlets that drained into
the Pacific Ocean. Based on the herbicide characteristics, the herbicides have potential to sorb to solid soil particles which can facilitate transport into the ocean. The
Central Valley has one natural outlet. The outlet is known as the Carquinez straight
and it goes through the San Francisco Bay on the way into the Pacific Ocean. The San
Joaquin and Sacramento Valleys meet in the Delta area where the combined discharge
goes into the natural outlet (USGS California Water Science Center, 2020). Since this
natural drainage point drains one of the largest agricultural zones in California, it
makes sense that there would be a presence of herbicides throughout this passage
into the San Francisco Bay area. Many of the large groupings of herbicides detected
in sediments are located near or on an outlet into the Pacific Ocean or bay. This
suggests the transport of these herbicides through drainages from nearby agricultural
land.
Chorro and Los Osos Creek are both located amongst agricultural areas in the San
Luis Obispo County. The data show the presence of the selected herbicides in the
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nearby areas and watersheds. There is a possibility that there is a higher presence
of herbicides in the area than what is shown, since the data is only encouraged to
be reported and not required. Gaining more knowledge and physical evidence about
the herbicides and their environmental fate in the area will be useful in determining
where they may be in the environment.
The month which coincided with the highest level of detection of herbicides was
February. February is during the wet season when herbicides have the highest chance
of being transported out of their fields by storm water and into nearby drainages.
Sampling during the rainy season would give the highest chance of detection of herbicides.
Oxyfluorfen was found in both sediment and water. More detections were recorded
from water samples, but this may be due to the higher sampling rate in water. Based
on the Koc and log Kow values, Oxyfluorfen has a high affinity to adsorb to soil particles and organic matter. This provides evidence for conducting sediment sampling
in areas where oxyfluorfen is highly used such as in the Morro Bay Watershed.
Trifluralin had lower amounts of detection than some of the other herbicides and this
may be due to its half-life. It was mainly detected in February through March, which
coincides with the rainy seasons and highest times of transport. Assuming Trifluralin
was applied shortly before the rainy season, it would make sense that the herbicide
would begin to biodegrade in the following months as it can have a rather short halflife. For the highest chances of detecting Trifluralin sampling should be conducted
during the rainy season, shortly after it is applied.
Simazine was most highly detected in water samples in California. Based on the Koc
and log Kow values, Simazine does not have a high affinity to adsorb to sediments
and organic matter. The physical properties associated with the Koc and log Kow
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values provide reasoning to why there were not many sediment sample detections of
Simazine. Water sampling for Simazine would be a good addition to the sampling
plan.
Water samples were only taken for Diuron, but according to the Koc value, Diuron
is expected to sorb to solid particles when released into water. Sediment samples
should be taken for Diuron based on its physical characteristics associated with its
Koc value. It is important to know if Diuron is present within Morro Bay Estuary
because of its known negative effects on seagrasses. Sediment sampling of Diuron
may yield higher concentrations since it sorbs to sediment.
Water samples were only taken for Oryzalin, but according to the Koc value Oryzalin is expected to sorb to solid particles when released into water and has moderate
potential to adsorb to organic matter based on its log Kow value. Sediment samples should be taken for Oryzalin based on the physical characteristics associated
with its Koc and log Kow value. Sediment sampling of Oryzalin may yield higher
concentrations since it sorbs to sediment.
Chlorthal-dimethyl should be prioritized the most because it was the only herbicide
that was detected in estuary sites. The other seven herbicides were not detected in
estuaries because they were not tested for in the estuary sites. Chlorthal-Dimethyl
was the only herbicide that was tested for in the estuary sites. The high presence of
Chlorthal-dimethyl in other estuary sites provides supportive evidence for sampling
in Morro Bay Estuary. It was found in similar environments in both sediment and
water samples
Water Samples were only taken for Glyphosate, but according to the Koc value,
Glyphosate is expected to sorb to solid particles when released into water. Sediment
samples should be taken for Glyphosate based on the physical characteristics asso-
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ciated with its Koc value. It is important to know if Glyphosate is present within
Morro Bay Estuary because of its known negative effects on seagrasses. Sediment
sampling of Glyphosate may yield higher concentrations since it sorbs to sediment.
Napropamide did not have high amounts of detections in California which is surprising
based on its physical properties such as Koc, log Kow, and half-life. Napropamide
is expected to adsorb to soil particles, has a moderate potential to adsorb to organic
matter, and is not expected to volatilize. Napropamide’s half-life is also rather long. It
is more persistent in low-light waters, so it may be in deeper locations where sunlight
cannot reach. To maximize chances of detecting Napropamide sampling should be
done in dark waters or below soil surface to limit the amount of light reaching the
sampling location.

4.2.1

Limitations and Shortcomings of California Coast Detection Data

The California surface water data had limitations that may have caused some undesirable results. The data did not specify why the samples were taken or provide
any additional information about the sample locations besides county and GPS coordinates. The data would have been more representative if it included information
such as land use or timing after sample herbicides were applied. Other limitations the
data had was that the sampling was not consistent year to year. The sample size and
location of samples jumped around considerably. For a better understanding of the
persistence of our herbicides in the environment, it would have been helpful to have
consistent sampling locations and times that were routinely followed and checked up
on monthly or yearly. The data collected for the Surface Water Protection program
was gathered from organizations where the DPR encouraged submission. The organizations that provided data had projects that conducted surface water monitoring for
the presence of pesticides in California surface water. Since the data is not a required
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reporting standard, it is likely skewed and or incomplete, due to the types of studies
people are reporting or a lack of reporting.
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Chapter 5
CONCLUSION

Seagrasses also provides a variety of other services to humans. Nutrient cycling,
erosion control, and carbon sequestration are positive services that seagrasses provide.
Carbon sequestration is very important to humans as CO2 emissions are rapidly
rising, seagrass has the potential to sequester 7,401 pounds per square meter of carbon
per year (UCSB, 2020). In the current state of the environment as climate change is
of large concern, it is very important to preserve and protect our environments that
have the potential to store carbon.
This project will benefit Morro Bay community, The Morro Bay National Estuary
Program, as well as other researchers. Knowing whether or not the estuary is contaminated can jump start efforts to clean up the bay. The estuary is a valued part of the
community which is used for recreation as well as scientific research. The community
will be benefited by this project because the health of the estuary is important to
those who live and visit the area.
Herbicides can have negative effects on human health. Many people in and out of the
community use the bay and could be exposed to contaminants that are in it. Whether
or not herbicides are the reason the seagrass is dying, getting more information about
the bay will be useful for fueling research and environmental clean-up efforts.
Further work on this project is necessary to fill the knowledge gap of why eelgrass
populations are declining in Morro Bay Estuary. Future work on this project will
include field sampling within Morro Bay Estuary, Chorro Creek, and Los Osos Creek.
The funding obtained during the duration of this project will fund the first round of
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sampling. The first round of sampling is essential for continuing work on this project.
If herbicides are detected at the sample locations, there will be a need to continue
research and sampling year-round to gain understanding of herbicide persistence in
the local environment. Additionally, if herbicides are detected (in the bay or in the
drainages to the bay) plant tissue laboratory analysis will need to be conducted to
determine the exact effects of the selected herbicides on eelgrass. This will help
determine which of the herbicides are doing the most damage. If there is a presence
of herbicide contamination in the bay, appropriate remediation techniques should be
considered for the continual management of Morro Bay Estuary.
The results of the California surface water detection data show that the herbicides
of interest (Oxyfluorfen, Diuron, Trifluralin, Glyphosate, Napropamide, Chlorthaldimethyl, Simazine, and Oryzalin) are in the environment at concentrations high
enough to be detected by laboratory equipment. These herbicides can be found in
surface waters and sediments all over California. The data did not show any trend
in increasing herbicide concentrations in the environment year to year but did show
that they can be present. Sampling should be conducted in February because that
showed the highest amount of detection per month or most of the herbicides. Monthly
testing of soil and water in the study area is recommended for conclusive evidence
about selected herbicide persistence in the environment.
Current multi-year research of water circulation, such as shallower, more turbid waters, in the bay is being done by Cal Poly and Morro Bay National Estuary Program
(Morro Bay Estuary Program, 2020). Unfortunately, there is no current research on
the contamination of specific herbicides in the bay. Morro Bay National Estuary Program will benefit from research on herbicides in the bay because they are currently
working to rehabilitate the eelgrass populations. The results of this study will help
guide them in their rehabilitation efforts by narrowing down the root cause of the
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problem. Future management and policy makers for coastal ecosystems should look
to seagrasses for early warning signals to help recognize problems (Waycott et al.,
2009) such as nutrient loading and sedimentation in their area.
With the conclusions of this study, the project has the potential to help narrow down
the causes for seagrass die off in other locations, as well as recognize the transport of
contaminants into local water bodies. Herbicides are used globally, and many water
sources such as estuaries, may be contaminated without our knowing. This study
may help point out some of the early warning signals that contamination is taking
place. Being able to recognize where contamination is occurring will help the overall
future of our planet by encouraging the rehabilitation of our natural environment.
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Appendix A
APPENDIX

A.1

A.1.1

Permit Forms

Scientific Research and Collecting Permit from the California Department of Parks and Recreation

Email state parks permit Application to Mike Walgren at mike.walgren@parks.ca.gov.
Mike Walgren is the Morro Bay State Park contact given to us by Morro Bay National
Estuary Program.
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FOR DEPARTMENT USE ONLY

State of California - Natural Resources Agency
DEPARTMENT OF PARKS AND RECREATION

APPLICATION AND PERMIT TO CONDUCT
SCIENTIFIC RESEARCH AND COLLECTIONS
BIOLOGICAL
NEW

GEOLOGICAL

PALEONTOLOGICAL

RENEWAL

APPLICATION NO.

DATE RECEIVED

DISTRICT NAME

CEQA

PERMIT TYPE:

Biological

Paleontological

Geological / Soils

Other:

Summary Report Received
Insurance Required

Liability Waiver Required

The Principal Investigator hereby applies to the Department of Parks and Recreation for a Permit under Title XIV,
California Code of Regulations, Section 4309, and Public Resources Code Section 5097.5/5001.65, to conduct
investigations on lands of the State of California.
Instructions: Applications must be TYPED and signed upon submission. If more space is needed, continue on separate
sheet(s). Attach to your application: (1) a Curriculum Vitae (CV) or résumé for the Principal Investigator (and for the
person(s) overseeing field work, if different from PI); (2) maps, coordinates, and/or GIS files indicating precise locations of
proposed work; (3) a full study proposal; and (4) copies of any additional permits required for your research. Complete
application packages should be sent to the district office that administers the park unit(s) where the research will take
place, or to the Natural Resources Division, Sacramento, for multi-district requests. At the request of the Department, you
may be required to submit proof of insurance and/or obtain participant liability waivers.
APPLICANT ORGANIZATION

PHONE NO. (Incl. Area Code)

ORGANIZATION MAILING ADDRESS / CITY / STATE / ZIP CODE

E-MAIL ADDRESS

PRINCIPAL INVESTIGATOR (PI) - ATTACH RÉSUMÉ OR CV
(NOTE: Faculty advisor/sponsor must sign as PI for student applicants)
NAME

TITLE

MAILING ADDRESS / CITY / STATE / ZIP CODE

CELL PHONE NO. (Incl. Area Code)
E-MAIL ADDRESS

PERSON IN DIRECT CHARGE OF FIELD WORK - ATTACH RÉSUMÉ OR CV IF DIFFERENT FROM PI
NAME

TITLE

MAILING ADDRESS / CITY / STATE / ZIP CODE

CELL PHONE NO. (Incl. Area Code)
E-MAIL ADDRESS

ADDITIONAL PARTICIPANTS - ATTACH CONTINUATION SHEETS, IF NECESSARY
NAME

1

MAILING ADDRESS / CITY / STATE / ZIP CODE
NAME

2

4

6

MAILING ADDRESS / CITY / STATE / ZIP CODE

DPR 65 (Rev. 9/2018)(Excel to PDF 9/18/2018)(Page 1 of 6)

CELL PHONE NO. (Incl. Area Code)
E-MAIL ADDRESS

TITLE

CELL PHONE NO. (Incl. Area Code)
E-MAIL ADDRESS

TITLE

CELL PHONE NO. (Incl. Area Code)
E-MAIL ADDRESS

TITLE

MAILING ADDRESS / CITY / STATE / ZIP CODE
NAME

7

TITLE

MAILING ADDRESS / CITY / STATE / ZIP CODE
NAME

CELL PHONE NO. (Incl. Area Code)
E-MAIL ADDRESS

MAILING ADDRESS / CITY / STATE / ZIP CODE
NAME

5

TITLE

MAILING ADDRESS / CITY / STATE / ZIP CODE
NAME

CELL PHONE NO. (Incl. Area Code)
E-MAIL ADDRESS

MAILING ADDRESS / CITY / STATE / ZIP CODE
NAME

3

TITLE

CELL PHONE NO. (Incl. Area Code)
E-MAIL ADDRESS

TITLE

CELL PHONE NO. (Incl. Area Code)
E-MAIL ADDRESS

STATE PARK UNIT(S) TO BE INCLUDED ON PERMIT

COUNTY(IES)

1. PROJECT TITLE

2. PROJECT PURPOSE

3. DESCRIPTION OF PROJECT LOCATION(S) (Also attach maps, coordinates [projection required for the GPS coordinates], and/or GIS files for
each distinct location.) For Paleontological permits: Provide Geological Formation

4. METHOD OF ACCESS (Describe methods [including type of vehicle] to be used for accessing study sites after arrival at the park unit(s).)
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5. SUMMARY OF FIELD METHODS AND ACTIVITIES

6. TYPES OF SPECIMENS TO BE COLLECTED (List species, quantity, size, and condition.)

7. EXPECTED DURATION OF THE PROJECT (Specify overall project start and end dates and start and end dates of field investigations.)

8. PLACE AT WHICH LABORATORY WORK WILL BE PERFORMED (Institution, address, and responsible official name, phone number, and

e-mail address)

9. FACILITY THAT HAS AGREED TO CURATE SPECIMENS COLLECTED UNDER THIS PERMIT (Institution, address, and responsible official name,

phone number, and email address)

10. LOCATION OF DATA AND DATA PRODUCTS COLLECTED UNDER THIS PERMIT (Specify institution name and/or website where data,

maps, reports, GIS files, photos, and other data products (not specimens) will be archived after the project is completed.)

NOTE: APPLICATION IS INCOMPLETE UNTIL SIGNED.
DPR 65 (Rev. 9/2018)(Page 3 of 6)

PERMIT TO CONDUCT SCIENTIFIC RESEARCH AND COLLECTIONS
ALL PARTICIPANTS MUST CARRY THIS PERMIT AT ALL TIMES WHILE CONDUCTING FIELD RESEARCH/COLLECTIONS.
The Department of Parks and Recreation desires to further scientific research within its jurisdiction through cooperation with researchers within the Department’s
mission to provide long-term protection and management of ecological processes and natural resource elements.
STANDARD CONDITIONS AND RESTRICTIONS
1. General classroom collection is not allowed under this permit.
2. This permit applies only to non-cultural materials, and is limited to the kind, number, and sizes of collections described on this form. Archeological material
may NOT be collected under this permit.
3. "Collections" are defined as any material gathered during permitted activity. The collections shall be used for scientific or interpretive purposes only, and shall
not be used for commercial purposes. Collections shall remain property of the Department. Curated collections shall be maintained by the Institution listed on
page 3, item number 9. Collections should be accomplished by methods that conserve resources. Collections may be transferred to another location with
prior written approval from the Department.
4. The collecting must be done away from roads, trails, and developed areas, unless such localities are specified in the permit. Collection shall be done in an
inconspicuous manner, and shall not cause damage to the environment. The Department may impose permit-specific conditions (See page 6). Permitspecific conditions shall supersede any conflicting standard conditions and restrictions.
5. Activities conducted in areas designated as sensitive require prior surveys conducted by a State Park resource specialist, and/or a State Park resource
specialist may be assigned to the project as a monitor. At the sole discretion of the Department, the Permittee may be required to schedule surveys and/or
reserve a project monitor and reimburse the Department for the State Park resource specialist’s time and expenses.
6. The Permittee shall submit a summary of information gathered to the applicable District where the investigation(s) took place, and to the Chief of the Natural
Resources Division in Sacramento. The Permittee must also make available to the Department any material published as a result of this permit. Upon
completion, a copy of such published material shall be submitted to: Natural Resources Division, Department of Parks and Recreation, PO Box 942896,
Sacramento, CA 94296-0001.
7. The Permitee shall contact the appropriate District Superintendent (or designee) to receive district approval prior to proceeding with any field activities, and to
present a copy of this permit, together with evidence of additional licenses and permits, if required.
8. All participants conducting activities approved by this permit shall inspect their shoes, clothing, vehicles, tools, and equipment for the presence of organic
matter and soil, and if present, shall clean these items prior to entering and upon leaving the park to minimize potential spread of invasive species.
9. If permit activities are not carried out to the satisfaction of the Department, this permit may be immediately cancelled.
10. All applicable laws and regulations must be observed by participants in exercising the privileges granted in this permit. It is the responsibility of the Permittee
to obtain any additional permits or approvals required for research/collection activities, and to know the boundaries and managing authority of specially
designated protected areas or sanctuaries.
11. The Permittee, and all participants, are responsible for knowing and complying with all general rules and regulations for use of Department lands as well as
any specific conditions or regulations for this permit and subject property.
12. Applicant Organization agrees to comply with the waiver and indemnity requirements found on page 5, incorporated by reference.
13. For activities presenting greater risk or liability, and at the sole discretion of the Department, Applicant Organization may be required to obtain and present
sufficient proof of insurance and/or obtain signed liability waivers from all participants.
14. Questions regarding this permit should be directed to the District Superintendent or the Natural Resources Division's Research Permit Coordinator (multidistrict).

I have read the Standard Conditions and Restrictions above and agree to comply with any additional special conditions. I certify under
penalty of perjury that all information on this application (including attachments) is true, complete, and correct.
PRINCIPAL INVESTIGATOR'S SIGNATURE
(Faculty sponsor must sign for student applicants)

PRINTED NAME

DATE

PRINTED NAME

DATE

►
STUDENT APPLICANT'S SIGNATURE (IF APPLICABLE)

►

It is the responsibility of the Principal Investigator to ensure that all participants comply with all standard and special
conditions. It is the responsibility of the Applicant Organization to meet indemnification and insurance requirements.
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PERMIT TO CONDUCT SCIENTIFIC RESEARCH AND COLLECTIONS
WAIVER and INDEMNITY AGREEMENT
Waiver Agreement
Applicant Organization waives all claims and demands against the California Department of Parks and Recreation, its officers, agents,
and/or employees for any and all loss, injury, death or damage caused by, arising out of, or in any way connected with this Permit, use of
any access route to the Permit activities, or Applicant Organization’s exercise of the rights granted by this Permit, except those arising out
of the sole negligence or willful misconduct of the California Department of Parks and Recreation or its employees.
Indemnity Agreement
Applicant Organization hereby agrees to comply with the following (initial appropriate section) indemnity agreement:
______ Standard Applicant (select this section unless a Federal Applicant or University of California Applicant)
Applicant Organization agrees to be responsible for damages to persons or property caused by negligent acts or omissions of its
employees acting within their scope of employment. Applicant Organization shall protect, save, hold harmless, indemnify, and defend the
State, its officers, agents, and/or employees, from and against any and all loss, damage, claims, demands, liability, costs, recoveries,
settlements, penalties, fines and expenses, including, without limitation, all legal fees, attorney fees, accounting fees, expert witness fees,
consultant fees, interest and expenses related to the response to, settlement, and/or defense of any claims, legal actions, or liability, which
may be suffered or incurred by the State, its officers, agents and/or employees, caused by, arising out of, or in any way connected with this
Permit, use of any access route to the Permit activities, or Applicant’s exercise of the rights granted by this Permit, except those arising out
of the sole negligence or willful misconduct of the State. The obligations contained in this Section, including the waiver and indemnity
obligations, shall survive termination of this Permit.
______ Federal Applicant
Federal Applicant agrees to be responsible for damages to persons or property caused by the negligent acts or omissions of Federal
employees acting within the scope of their employment in accordance with the Federal Tort Claims Act, codified at 28 USC 2671 et seq. If
found liable in a federal court of competent jurisdiction, the Federal Applicant agrees to pay attorneys' fees to the extent permitted under
federal law. To the extent allowable by Federal law, Federal Applicant shall defend the State and its employees from claims arising from the
permit activities, except those arising from the sole negligence or willful misconduct of the State or its employees.
______ University of California Applicant
University of California Applicant agrees to be responsible for damages to persons or property caused by negligent acts or omissions of its
employees acting within their scope of employment. THE REGENTS OF THE UNIVERSITY OF CALIFORNIA shall defend, indemnify and
hold THE STATE OF CALIFORNIA AND ITS AGENCIES, their respective officers, employees and agents harmless from and against any
and all liability, loss, expense, attorneys’ fees, or claims for injury or damages arising out of the performance of this Agreement but only in
proportion to and to the extent such liability, loss, expense, attorneys’ fees, or claims for injury or damages are caused by or result from the
negligent or intentional acts or omissions of THE REGENTS OF THE UNIVERSITY OF CALIFORNIA, its officers, agents, or employees.
THE STATE OF CALIFORNIA shall defend, indemnify and hold THE REGENTS OF THE UNIVERSITY OF CALIFORNIA, its officers,
employees and agents harmless from and against any and all liability, loss, expense, attorneys’ fees, or claims for injury or damages arising
out of the performance of this Agreement but only in proportion to and to the extent such liability, loss, expense, attorneys’ fees, or claims
for injury or damages are caused by or result from the negligent or intentional acts or omissions of THE STATE OF CALIFORNIA OR ITS
AGENCIES, their respective officers, agents, or employees. (1988 UC/ DGS Agreement )

I hereby certify that I am a representative of Applicant Organization authorized to agree to the above indemnification
requirements of this permit.
AUTHORIZED REPRESENTATIVE SIGNATURE

►
DPR 65 (Rev. 9/2018)(Page 5 of 6)

PRINTED NAME

DATE

PERMIT TO CONDUCT SCIENTIFIC RESEARCH AND COLLECTIONS
SPECIAL CONDITIONS

FOR DEPARTMENT USE (REVIEW/APPROVAL)
REVIEWED BY

DISTRICT ENVIRONMENTAL SCIENTIST

DATE

DISTRICT SUPERINTENDENT / MANAGER

DATE

PRINTED NAME / TITLE

DATE

PRINTED NAME / TITLE

DATE

►
REVIEWED BY

►
DPR APPROVAL SIGNATURE*

►
OTHER DPR APPROVAL SIGNATURE (OPTIONAL)*

►
*NOTE: If all park units in single DPR District, Superintendent has approval authority. For more than one DPR District, Natural Resources
Division EPM must approve.

PERMIT VALID FROM: __________ TO: ____________
DPR 65 (Rev. 9/2018)(Page 6 of 6)

Complete Copy (whether approved or denied): 1 ea - District(s) & 1 - Natural Resources Division

A.1.2

California Department of Fish and Wildlife SCP Permit

Follow the steps on California Department of Fish and Wildlife website to apply
for the SCP permit through the online portal (California Department of Fish and
Wildlife, 2020).
Step 1: Create a Login
Step 2: Create a Profile – follow the job
Step 3: Obtain a SC ID
Step 4: Complete Profile
Step 5: Select from one of Individual, Entity, Student permitholder types
Step 6: Upload required qualifications documents
• Statement of Qualifications (SOQ)
• Resume or curriculum vitae
• References

A.2

EPA Sediment Sampling Protocols

The following sampling protocols are modified from EPA Operating Procedure for
Sediment Sampling (US EPA, 2010).
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A.2.1

General Precautions

1. Do not contaminate samples: After sampling is complete samples must be stored
in secure location so properties of sample are not altered. Samples must be custody
sealed during shipment.
2. Samples are to remain is custody of the sampler until they are handed over to
another party (aka laboratory for analysis)
3. If the samples are transported by the by the sampler they must remain in custody
of sampler until relinquished to the laboratory which is preforming the analysis. If the
samples are to be shipped than they need to follow U.S. department of Transportation
rules of shipment (Title 49 of the Code of Federal Regulations (49 CFR parts 171 to
179).
4. All field sampling activities must be documented in a bound laboratory notebook.
5. Chain of Custody documents need to be filled out and remain with the samples
and sampler until samples are given to laboratory for analysis.
6. All shipping documents need to be stored by project leader in secure location.

A.2.1.1

EPA Sampling Precautions for Trace Contaminant Sediment Sampling

1. Sampler must wear non-powdered disposable gloves. Gloves must be changed
between each location. Any time the gloves are compromised they should be changed
to minimize contamination of samples.
2. All background samples or samples suspected to have high concentrations should
be placed in separate shipping containers.

82

3. If sampling equipment is reused than sampling should be executed from area
suspected to have the least contamination to the area suspected to have the highest
contamination.
4. One member of sampling team should be in charge of all sampling operations,
while the other member of the sampling team should be left to take all field notes,
photographs, labeling, and any other non-direct sampling activities. This will help
reduce contamination.
5. Equipment should be new, verified and certified-clean disposable or non-disposable
equipment cleaned according to procedures contained in SESD’s Operating Procedure
for Field Equipment Cleaning and Decontamination.

A.2.2

Sample Homogenization

1. Sub sampling of primary sample is to be done in the laboratory: Sample will be
placed directly in appropriate container with appropriate labels.

A.2.3

Quality Control

1. If possible, control sample should be collected upstream. Equipment blanks (sample of water known to be free of contaminants processed the same way as other samples
in the field) should be collected if equipment is washed in the field or re-used to show
contaminants were not introduced to samples from equipment.
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A.2.4

Records

1. Accounted for in accordance with SESD records management procedures found in
SESD Operating Procedure for Control of Records.
2. Field notes must be taken in bound notebook.
3. Chain-of-custody documentation need to be filled out in accordance with SESD
Operating Procedure for Logbooks, and SESD Procedure for Sample and Evidence
Management.

A.2.5

Equipment Selections

1. Wading is preferred method of sampling for sediment samples, samples should be
taken facing upstream so sediments that are disturbed by wading are flowing away
from the sampler.
2. If stream is too deep to wade than samples can be taken from bridge or boat.
3. For purposes of sampling in Morro Bay Estuary boat sampling will be the preferred
method, and for creek samples wading will be preferred method.

A.2.6

Wading Procedure

1. If the sample location is dry or in waters shallow enough for wading: A stainless
steel scoop is the best tools to use for wading procedure. If the stream is flowing but
still wadable: face upstream into the current to keep turbidity low, and scoop in the
direction of the current. For sampling locations too deep to wade and less than eight
feet see step 2.
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2. If the sampling location is too deep to wade but less than 8 feet deep: A stainless
steel scoop attached to a piece of conduit can be used from the bank of the stream
or from a boat.
3. Remove excess water from the scoop carefully while being careful not to lose to
much fine-grained sediments.
4. Samples will be placed directly into sampling containers required by the laboratory
preforming the analysis.

A.2.7

Boat Procedure using Dredge

1. The best method for marine and estuarine sediments is the Young Grab sampler.
The young grab is clamshell-type sampler with a scissors closing action. The young
sampler is lowered from a boat with a rope or cable into the sediment. When tension
is applied to the cable/rope the clamshell sampler closes, scooping the sediment.
2. The young grab differs from other samplers because it has a frame that discourages
the sampler from entering too deep into fine grained sediments and has the option of
adding weights to the frame in order to sample harder substrates.
3. The weight and size of the sampler requires a ship with an ”A” frame or a boat
with a davit is required.

A.3

A.3.1

Laboratory Forms

EMA Laboratories Sample Submission Form
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Ship Samples to: Environmental Micro Analysis, Inc.
460 N. East Street Woodland, CA 95776
(530) 666-6890 Fax (530) 666-2987
e-mail: emalab@emalab.com
Report To:
First Name:

Invoice To:

Last Name:

First Name:

Company:

Last Name:

Company:

Address:

Address:

City, State, Zip:

City, State, Zip:

Phone:

Fax:

Phone:

e-mail

Fax:

e-mail

P. O. No:

Project:

Return Cooler?

Yes

No (A $20 shipping charge will apply, please check one)

Sample ID

Matrix

Test
Requested

Report via (Check desired):

Other
Identifier

Fax

E-Mail

Sample Date

In submitting samples to Environmental Micro Analysis, Inc. I agree to pay all associated charges within 30 days of receipt of invoice.

Special Instructions:

EMA Form FRE500.21 Rev. 1/18/19

Page 1 of 1

A.3.2

EMA Laboratories Chain of Custody Form
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CHAIN OF CUSTODY RECORD
Client ________________________ Contact _____________________
Street Address _____________________________________________
City _________________________ State _______ Zip _____________
Phone _______________________ FAX _______________________

ENVIRONMENTAL MICRO ANALYSIS, INC.
460 N. EAST STREET
WOODLAND, CA 95776
PHONE: (530) 666-6890 FAX: (530) 666-2987

Project No.:

Project Name:
# Containers
&

Samplers: (Signature)

Type
Remarks
Sample ID:

SIGNATURES

EMA Sample #:

Released By
_______________
Time and Date
_______________
Company
_______________

Date

Time

Composite

Received By
_______________
Time and Date
_______________
Company
_______________
Released By
_______________
Time and Date
_______________

Grab

Received By
_______________
Time and Date
_______________
Company
_______________
Released By
_______________
Time and Date
_______________

Received By
_______________
Time and Date
_______________
EMA, Inc.
_______________

A.4

A.4.1

California Herbicide Detection Data

Total Number of Detections of Herbicides in Sediment and Water

Figure A.1: Total number of detections of the 8 selected herbicides in
sediment samples between 1950 and 2019.
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Figure A.2: Total number of detections of the 8 selected herbicides in
water samples between 1950 and 2019.
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A.4.2

Monthly Sediment Sample Detection Data

Figure A.3: Total number of sediment samples taken of Oxyfluorfen per
month. No detection of the herbicide is shown in blue. Positive detection
of the herbicide is shown in orange.
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Figure A.4: Total number of sediment samples taken of Trifluralin per
month. No detection of the herbicide is shown in blue. Positive detection
of the herbicide is shown in orange.
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Figure A.5: Total number of sediment samples taken of Simazine per
month. No detection of the herbicide is shown in blue. Positive detection
of the herbicide is shown in orange.
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Figure A.6: Total number of sediment samples taken of Chlorthal-dimethyl
per month. No detection of the herbicide is shown in blue. Positive
detection of the herbicide is shown in orange.
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Figure A.7: Total number of sediment samples taken of Napropamide per
month. No detection of the herbicide is shown in blue. Positive detection
of the herbicide is shown in orange.
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A.4.3

Monthly Water Sample Detection Data

Figure A.8: Total number of water samples taken of Oxyfluorfen per
month. No detection of the herbicide is shown in blue. Positive detection
of the herbicide is shown in orange.
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Figure A.9: Total number of water samples taken of Trifluralin per month.
No detection of the herbicide is shown in blue. Positive detection of the
herbicide is shown in orange.
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Figure A.10: Total number of water samples taken of Simazine per month.
No detection of the herbicide is shown in blue. Positive detection of the
herbicide is shown in orange.
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Figure A.11: Total number of water samples taken of Diuron per month.
No detection of the herbicide is shown in blue. Positive detection of the
herbicide is shown in orange.
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Figure A.12: Total number of water samples taken of Oryzalin per month.
No detection of the herbicide is shown in blue. Positive detection of the
herbicide is shown in orange.
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Figure A.13: Total number of water samples taken of Chlorthal-dimethyl
per month. No detection of the herbicide is shown in blue. Positive
detection of the herbicide is shown in orange.
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Figure A.14: Total number of water samples taken of Glyphosate per
month. No detection of the herbicide is shown in blue. Positive detection
of the herbicide is shown in orange.
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Figure A.15: Total number of water samples taken of Napropamide per
month. No detection of the herbicide is shown in blue. Positive detection
of the herbicide is shown in orange.
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